For the conventional power metal-oxide semiconductor field-effect transistor (MOSFET) device structure, there exists a tradeoff relationship between specific on-resistance (  ) and breakdown voltage (   ). In order to overcome the tradeoff relationship, a uniform super-junction (SJ) trench metal-oxide semiconductor field-effect transistor (TMOSFET) structure is studied and designed. The structure modeling considering doping concentrations is performed, and the distributions at breakdown voltages and the electric fields in a SJ TMOSFET are analyzed. The simulations are successfully optimized by the using of the SILVACO TCAD 2D device simulator, Atlas. In this paper, the specific on-resistance of the SJ TMOSFET is successfully obtained
where   and   are the widths,   and   are the doping concentrations of the N-type and P-type drift regions, respectively.
The breakdown voltage for the two dimensional charge coupled device is then given by
where   is the critical electric field and   is the length of the drift region as shown in Fig. 2 .
On-resistance
The relationship between on-resistance (  ) and the specific on-resistance (  ) is given by Trench MOSFET with Specific Low On-resistance 
Since the same width for the P type and N type drift regions in SJ devices is commonly used, and the charge balance should be kept. The ideal specific on-resistance can be represented as
The ideal specific on-resistance for the drift region in one dimensional devices is computed by using of Baliga's power law [1] .
Equating (8) and (9) and neglecting the dependence of the mobility on doping concentration, we can find the cross point of breakdown voltage as
The on-resistance can be obtained by currents flowing from the channel between the source and the drain electrodes as follows
where    is the source contact resistance,   is the source, and   is the contact resistance of drain, which is very small, and negligible.
The total specific on-resistance mainly occurs from the channel and the drift region as shown below.
At the ideal SJ TMOSFET structure, the specific on-resistance [1] in terms of breakdown voltage is also obtained as
The specific on-resistance [1] with respect to breakdown voltage at SJ TMOSFET and conventional MOSFET [4] is shown in Fig. 3 . analyzed after simulation by SILVACO TCAD [7] .
It is evaluated so that the simulation results agree with the theories, and allow engineers to implement the SJ power TMOSFET.
